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This  study  (supported  by  the  Research  In  Signal  Detection  and  Low 
Energy  Lasers  Program,  AH46)  was  proposed  and  pursued  because  of  the  Army's 
continuing  need  for  adequate  laser  protective  materials.  Some  of  the 
difficulties  associated  with  the  eye  and  sensor  protective  materials  are 
that  the  absorbers  are  broadband,  the  luminous  transmittance  Is  too  low 
(<40%) , the  absorbers  bleach  under  high  powers,  and  the  plastic  host  ma- 
terials tend  to  abrade  too  easily.  As  protection  Is  built  In  for  more 
wavelengths  the  luminous  transmittance  decreases.  The  problem  becomes 
even  more  acute  when  one  of  the  wavelengths  Is  doubled  Nd  (.53u)  because 
this  wavelength  Is  very  close  to  the  peak  of  the  eye  sensitivity  curve. 

This  study  concerns  a material  (IR282  with  K283  In  polymethylmethacrylate 
[PMMA])  which  has  an  optical  density  (0D)*-6  at  1.06p  and  *4  at  .53p.  The 
luminous  transmittance  Is  44%.  The  current  Army  goggle  Is  made  from  BG-18 
glass  for  protection  against  Nd  and  Ruby  lasers  but  not  for  doubled  Nd  lasers. 

One  of  the  advantages  of  the  plastic  materials  Is  that  they  can  be 
cast  easily  Into  a variety  of  configurations.  In  fact  one  of  the  samples 
used  In  this  study  has  been  cast  Into  an  Air  Force  pilot's  visor  by  Ameri- 
can Cyanlmld  Corporation.  Frankford  Arsenal  was  provided  sample  visors  as 
well  as  the  dye  IR282  for  Investigative  purposes.  The  visor  material  In 
Its  original  form  as  well  as  thinned  samples  were  studied.  The  dye  IR282 
was  dissolved  In  methylmethacrylate  monomer  (MMA)  and  the  same  parameters 
as  In  PMMA  were  Investigated.  In  this  report,  data  will  be  presented  for 
the  optical  density  vs.  Irradlance  levels  In  MMA  and  PMMA  In  both  the  nano- 
second and  picosecond  time  frames.  Additionally,  pulse  narrowing  and  dis- 
torting effects  will  be  discussed. 


BACKGROUND 


In  a previous  report  the  effects  of  various  solvents  on  the  absorption 
characteristics  of  IR282  were  given.  It  was  found  that  the  peak  absorption  I 

wavelength  shifts  and  the  oscillator  strength  varies  for  the  different 
solvents.  In  PMMA,  the  peak  absorption  occurs  at  1.002p  with  an  extinction 
coefficient  of  3.2  x 10^  l/mole  cm.  The  absorption  spectra  for  the  visor 
material  Is  shown  In  Figure  1.  The  absorption  In  the  green  and  blue  arises 
from  K283  which  Is  also  Incorporated  Into  the  PMMA. 

The  molecular  structure  of  IR282  Is  given  In  Figure  2.  This  molecule 
Is  very  similar  to  many  of  the  other  dye  molecules  developed  for  l.Obp 
absorption.  It  Is  stable  when  Incorporated  Into  PMMA.  The  bleaching 
which  occurs  Is  reversible.  The  transition  responsible  for  Infrared  ab- 
sorption In  IR282  Involves  the  excitation  of  an  electron  from  a tt  bonding 
to  a TT*  antibonding  molecular  orbital. 

*Optical  density  (O.D)  = logi o lo/U  where  Iq  and  It  are  the  incident  and 
transmitted  light  intensities,  respectively. 

^J.  J.  Mlkula,  W.  G.  Thomas,  F.  D.  Verderame,  FA  Report  R-1984,  November 
1970. 
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WAVELENGTH  (MICRONS) 

FIGURE  1.  THE  ABSORPTION  SPECTRA  OF  THE  IR282  AND  K283  VISOR  MATERIAL 


FIGURE  2.  THE  MOLECULAR  STRUCTURE  OF  IR282 


EXPERIMENTAL  PROCEDURE 


A diagram  of  the  Q-switched  1.06ji  laser  apparatus  Is  shown  In  Figure 
3.  The  laser  is  a Korad  K-2  neodymium  system  which  provides  approximately 
2 joules  of  energy  in  a pulse  of  17  nsec  fwhm  duration.  The  pulse  has  a 
smooth  envelope  in  time  and  in  space.  A portion  (~8%)  of  the  main  beam  is 
split  off  and  directed  to  a reference  detector  (OTI  photodiode) . The  main 
beam  is  focussed  by  a long  focal  length  lens  (Im)  to  increase  the  illumin- 
ance at  the  sample  up  to  the  point  at  which  sample  damage  becomes  evident. 
Neutral  density  filters  (F)  of  known  value  are  introduced  into  the  laser 
beam  in  front  of  the  sample  in  order  to  reduce  the  Irradlance  at  the  sample. 
The  portion  of  the  beam  transmitted  by  the  sample  is  also  detected  by  an 
OTI  photodiode.  The  outputs  of  the  photodiodes  are  connected  to  a Tektronix 
Type  556  dual  beam  oscilloscope  for  simultaneous  display.  The  tracings  are 
photographed  and  the  data  is  acquired  from  the  photograph.  In  order  to 
calibrate  the  system,  the  sample  detector  is  replaced  by  a Quantronlx  501 
thermopile  and  the  reference  photodiode  readings  for  a series  of  laser  shots 
correlated  with  the  thermopile  readings.  After  the  reference  detector 
been  calibrated,  the  sample  detector  is  replaced.  Data  is  then  obtained 

^osing  the  sample  to  a broad  range  of  irradiance  values.  The  sample 
.iispected  after  every  shot  to  be  certain  that  no  damage  has  occurred. 

The  same  experimental  configuration  is  utilized  for  acquiring  the  pico- 
second data  with  the  exception  that  the  laser  in  this  case  is  the  Korad  K- 
1500  neodymium  mode- locked  laser  system.  In  these  measurements,  a single 
pulse  (-18  psec  fwhm)  is  extracted  from  a series  of  pulses  and  amplified. 

The  detection  system  in  this  case  uses  Korad  KD-1  detectors  connected  to  a 
Tektronix  7904  oscilloscope.  Pulse  widths  are  measured  by  two  photon 
fluorescence.  This  system  is  also  calibrated  by  using  a thermopile. 

A frequency  doubler  was  Installed  into  the  nanosecond  system  for  mea- 
surement at  .53p.  It  was  found  that  the  optical  density  at  .53u  stayed  con- 
stant at  a value  of  3.7  up  to  lOMw/cm^,  the  upper  limit  at  which  data  was 
obtained. 

The  optical  density  of  the  visor  material  was  measure^  as  a function 
of  irradlance  at  1.06y  over  the  range  30Mw/cm^  to  160Mw/cm  . Data  for  ir- 
radlance values  below  30Mw/cm^  could  not  be  obtained  reliably  because  the 
high  sample  O.D.  reduces  the  transmitted  signal  to  the  level  of  the  noise. 
Data  for  irradiance  levels  above  IbOMw/cm^  could  not  be  obtained  because 
the  plastic  media  began  to  damage  at  this  level.  In  these  experiments 
the  O.D.  was  measured  in  two  ways.  One  method  was  based  on  the  peak  power 
of  the  incident  and  transmitted  pulse;  the  other  method  was  based  on  the 
energy  (area)  of  the  incident  and  transmitted  pulse.  The  curve  of  the  peak 
power  O.D.  vs.  Irradiance  is  shown  in  Figure  4;  and,  the  curve  of  the  energy 
O.D.  vs.  irradlance  is  shown  in  Figure  5.  The  straight  lines  are  the  least 
squares  fit  to  the  data  points.  Additional  data  on  thinned  visor  material 
shown  in  Figure  6 will  be  discussed  later.  From  Figures  4 and  5,  it  is 
evident  that  some  sample  bleaching  takes  place  at  high  irradiance  values. 
However,  it  is  also  clear  that  the  bleaching  is  not  catastrophic;  and  that, 
even  at  Irradlance  levels  extremely  unlikely  outside  of  the  laboratory 
(160Mw/cm^)  the  visor  has  an  energy  O.D.  > 5.8. 
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FIGURE  3.  A SCHEMATIC  DIAGRAM  OF  THE  I.06u  Q-SWITCHED  LASER  APPARATUS 
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IRRADIANCE 

FIGURE  4.  THE  PEAK  POWER  OPTICAL  DENSITY  OF  THE  VISOR 


IRRADIANCE  (Mw/cm  ) 

FIGURE  5.  THE  ENERGY  OPTICAL  DENSITY  OF  THE  VISOR  IS  SHOWN  GRAPHED  AGAINST  A RANGE  OF  IRRADIANCE  VALUES 
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DISCUSSION 


There  are  several  features  of  significance  in  comparing  Figures 
4 and  5.  One  feature  is  that  the  peak  power  O.D.  falls  off  faster 
with  irradiance  level  than  the  energy  O.D.  The  slope  of  the  peak 
power  optical  density  curve  is  -.0056  +.0004  as  compared  with  -.0038 
+.0004  for  the  energy  optical  density  curve.  This  is  to  be  expected 
because  the  sample  undergoes  bleaching  which  lowers  the  peak  power 
optical  density;  and,  pulse  narrowing  occurs  which  raises  the  energy 
optical  density  value.  Another  expected  feature  which  appears  is 
that  both  optical  densities  have  the  same  extrapolated  zero  Irradiance 
value  (6.64  +.03).  This  should  clearly  be  the  case  as  at  low  ir- 
radiance levels  no  bleaching  and  no  pulse  narrowing  occur. 

The  peak  power  O.D.  vs.  irradiance  for  IR282  in  MMA  is  shown  in 
Figure  7 and  the  energy  O.D.  data  is  shown  in  Figure  8.  In  comparing 
Figures  7 and  8,  we  again  find  that  the  peak  power  O.D.  curve  has  a 
more  negative  slope  (-.0007  +.0002)  than  the  energy  O.D.  curve  (-.00004 
+.0001).  And,  the  extrapolated  zero  irradiance  optical  density  values 
are  the  same  (3.77  +.02). 

In  comparing  the  optical  densities  in  Figures  4 and  5 with  those 
in  Figures  7 and  8,  it  is  found  that  there  is  significantly  more 
bleaching  in  the  polymer  than  in  the  monomer.  This  would  indicate  a 
significant  difference  in  the  excited  state  to  ground  state  relaxation 
times  in  the  two  media;  a clear  suggestion  for  a future  experiment 
to  be  performed  with  our  picosecond  laser  system.  The  relaxation  time 
effect  can  be  seen  in  Figure  6.  Comparing  the  nanosecond  data  on  the 
left  side  of  Figure  6 with  the  picosecond  data  on  the  right  it  is 
found  that  the  same  bleaching  level  is  attained  by  a picosecond  pulse 
of  1/50  the  energy  (l.e.,  number  of  photons)  of  the  nanosecond  pulse. 
This  result  is  a manifestation  of  the  ground  state  recovering  less 
during  the  18  picosecond  pulse  than  during  the  18  nanosecond  pulse. 

The  dynamical  properties  of  a multiple  level  absorber  system  will  not 
be  pursued  here. 

Two  simultaneous  oscilloscope  traces  which  reveal  the  incident 
and  transmitted  pulse  shapes  are  shown  in  Figure  9.  The  experiment  is 
arranged  so  that  the  pulses  are  coincident  when  the  sample  is  replaced 
by  a neutral  density  filter.  The  sample  used  for  Figure  9 is  the 
visor  material;  and,  the  peak  irradiance  is  142Mw/cm^.  The  shape  of 
the  transmitted  pulse  shown  in  Figure  9 is  representative  of  those 
seen  at  high  powers  in  the  visor  material.  The  transmitted  pulse 
evolves  continuously  from  being  very  similar  in  shape  to  the  incident 
pulse  at  30Mw/cm2  (usually  narrowed  by  0-2  nanoseconds)  to  the  shape 
of  the  pulse  displayed  in  Figure  9 at  140Mw/cm^.  The  peak  of  the 
transmitted  pulse  usually  occurs  within  1 nanosecond  of  the  peak  of 
the  incident  pulse. 
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IRRADIANCE  (Mw/cii!  ) 

FIGURE  8.  THE  ENERGY  OPTICAL  DENSITY  OF  IR282  IN  MMA  VS.  IRRADIANCE 
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FIGURE  9.  THE  INCIDENT  AND  TR/NSMITTED  PULSE  SHAPES  FOR  THE 
VISOR  MATERIAL  AT  142Mw/cin2 


In  Table  1,  the  optical  density  Is  given  for  a sequence  of  times 
Into  the  pulse.  As  Is  expected  the  O.D.  begins  at  a higher  value 
(6.45)  when  the  Irradlance  Is  low  and  falls  off  as  the  Irradlance 
Increases  which  agrees  with  the  data  In  Figure  4.  A plot  of  the  data 
In  Table  1 Is  shown  In  Figure  10.  After  the  peak  of  the  pulse,  the 
optical  density  Increases  to  values  higher  than  would  be  expected  on 
the  basis  of  Figure  4.  At  the  tall  of  the  pulse  the  optical  density 
returns  to  low  Irradlance  level  values.  This  behavior  gives  rise  to 
the  secondary  peak.  One  of  the  possible  explanations  for  this  behavior 
Is  that  the  leading  edge  of  the  pulse  pumps  the  material  Into  an 
excited  state  with  a long  enough  relaxation  time  and  a high  enough 
extinction  coefficient  to  Increase  the  transient  optical  density. 

The  nonlinear  absorption  of  light  pulses  resulting  In  pulse  distortions 
has  been  modeled  by  a variety  of  authors. It  Is  not  necessary  to 
Include  the  details  of  their  work  here;  It  suffices  to  say  that  the 
range  of  pulse  shapes  seen  within  this  study  can  be  fit  by  the  models 
of  the  above  authors. 


Huff  and  L.  G.  DeShazer,  J.  Appl.  Phys  40.  #12,  4836  (1969). 

^A.  Zunger  and  K.  Bar-Ell,  J.  Chem.  Phys.  #8,  3558  (1972). 

4 

C.  R.  Giuliano  and  L.  D.  Hess,  J.  Quant.  Elec.  QE-3.  #8,  358  (1967). 

^J.  Herrmann,  J.  Wlenecke,  and  Wllhelml,  Optical  and  Quant.  Elec. 
I,  337  (1975). 

^M.  Andom  and  K.  H.  Bar-Ell,  Chem.  Phys.  55.  #10,  5008  (1971) 
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TABLE  1 

TRANSIENT  OPTICAL  DENSITY  VALUES  FOR  THE  PULSES  SHOWN  IN  FIGURE  9. 


■r. 

IRRADIANCE 

(NANO' 

(Mw/cm^) 

OPTICAL  DENSITY 

0 

0 

— 

2 

2 

— 

4 

4 

— 

6 

7 

— 

8 

11 

— 

10 

20 

6.45 

12 

34 

6.12 

14 

55 

5.94 

16 

77 

5.81 

18 

107 

5.69 

20 

133 

5.61 

22 

142 

5.63 

24 

135 

5.72 

26 

117 

5.91 

28 

98 

6.17 

30 

78 

6.53 

32 

60 

6.53 

34 

47 

6.41 

36 

37 

6.26 

38 

29 

6.27 

40 

19 
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:GURE  10.  OPTICAL  DENS 


CONCLUSIONS 


IR  282  with  K283  in  PMMA  is  an  effective  eye  protective  material. 
More  bleaching  occurs  In  PMMA  then  in  MMA. 

The  molecular  relaxation  time  In  MMA  appears  to  be  shorter  than 
In  PMMA. 

Pulse  narrowing  effects  occur  which  are  a result  of  bleaching 
and  enhanced  absorption. 
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U.S.  Army  Electronic  Proving  Ground 
1 ATTN:  STEEP-T-Bl 
Fort  Huachuca,  AZ  85613 

Commander 

U.S.  Army  Electronics  Command 
1 ATTN:  DRSEL-CT-L 

Dr.  R.  Buser 
Fort  Monmouth,  NJ  07703 

Commander 

U.S.  Army  Electronics  Command 
Night  Vision  Laboratory 
1 ATTN:  DRSEL-NV-VI 

Mr.  R.  Bergemann 
Mr.  R.  Moulton 
Fort  Belvolr,  VA  22060 
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Commander 

Harry  Diamond  Laboratories 
1 ATTN:  DRXDO-RCB 

Dr.  H.  Gibson 
Dr.  T.  Gleason 
2800  Powder  Mill  Road 
Adelphl,  MD  20783 

Assistant  Director 
Engineering  Technology 
Pentagon 

1 ATTN:  ODDR&E,  Room  3D1089 
Mr.  J.  Persh 
Washington,  DC  20310 

Dr.  R.  E.  Schwartz 
Pentagon 

1 ATTN:  ODDR&E/TWP,  Room  3E1025 
(Land  Warfare) 
Washington,  DC  20310 

U.S.  Army  Foreign  Science  & 
Technology  Center 
1 ATTN:  DRXST-BS  (Stop  196) 
Munitions  Building 
Washington,  DC  20315 

HQ,  USAF 
Pentagon 

1 ATTN:  AF/RDPA,  Room  5D332 
LTC  Guest 

Washington,  DC  20310 
Commander 

Naval  Research  Laboratory 

1 ATTN:  Dr.  R.  Andersen 
255,  Bldg.  58 

1 ATTN:  Dr.  A.  Schindler 
200,  Bldg.  42 

Washington,  DC  20390 


Dr.  M.  P.  Pastel 
Scientific  Advisor  - TRADOC 
1 ATTN:  ATDC-Sl 
Ft.  Monroe,  VA  23651 

Director 

Electronic  Warfare  Laboratory 
1 ATTN:  DRSEL-WL-D 

Mr.  J.  Charlton 
Mr . C . Hardin 
Fort  Monmouth,  NJ  07703 

Commander 

U.S.  Army  Research  Office 
1 ATTN:  Dr.  R.  J.  Lontz 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 

Advanced  Research  Projects  Agency 
1 ATTN:  Dr.  P.  Clark 
Architect  Building 
1400  Wilson  Boulevard 
Arlington,  VA  22209 

Commanding  General 

U.S.  Army  Natick  Laboratories 

1 ATTN:  DRXRE-PRD 

Dr . E . Healy 
Natick,  MA  07160 

Defense  Documentation  Center 
12  ATTN 

Cameron  Station 
Alexandria,  VA  22314 

Commander 

Wrlght-Patterson  Air  Force  Base 
1 ATTN:  AFAL/WRW 

Mr.  L.  Hanson 
Dayton,  OH  45433 

Commander 

Air  Force  Armament  Laboratories 

1 ATTN:  DLOS 

Eglln,  AFB,  FL  32542 
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Department  of  the  Air  Force 

Commander 

Air  Force  Avionics  Lab  (AFSC) 

U.S.  Army  Armament  Research  & 

1 ATTN:  Mr.  R.  Firsdon 

Development  Command 

Wright-Pat terson  AFB,  OH  45433 

1 ATTN: 

DRDAR-CG,  Bldg.  151 

j Department  of  the  Air  Force 

Air  Force  Avionics  Lab 

1 ATTN:  ASD/RWT 

1 ATTN: 

DRDAR-TD,  Bldg.  151 

Wright-Patterson  AFB,  OH  45433 

1 ATTN: 

DRDAR-TDR,  Bldg.  151 

Air  Force  Weapons  Laboratory 
Kirtland  Air  Force  Base 

1 ATTN: 

DRDAR-LC,  Bldg.  94 

1 ATTN:  CPT  M.  Kemp 

1 ATTN: 

DRDAR-LCA,  Bldg.  350 

Bldg.  497 

Albuquerque,  NM  87116 

1 ATTN: 

DRDAR-LCE,  Bldg.  407 

1 Commander 

1 ATTN: 

DRDAR-SC,  Bldg.  3359 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 

1 ATTN: 

DRDAR-SCF 

1 ATTN:  DN  30,  Mr.  C.  Wingo 

5 ATTN: 

DRDAR-TSS,  Bldg.  59 

j 1 ATTN:  DF  32,  Mr.  L.  Fontenot 

10  ATTN: 

DRDAR-LCA-PL,  Bldg. 
Dr.  L.  C.  Bobb 

1 ATTN:  DN  31,  Mr.  E.  A.  Lucia 

Dover,  NJ  07801 

Dahlgren,  VA  22448 

Commander 

White  Oaks  Laboratory 

1 ATTN:  WA  23,  Mr.  E.  Eagleson 
Silver  Spring,  MD  20910 
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